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Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

[0001] The present invention relates to a radiation-sensitive resin composition. More particularly, the present inven- 
tion relates to a radiation-sensitive resin composition suitably used as a chemically amplified positive-tone resist useful 
for mrcrofabricatlon using ultraviolet rays, tar ultraviolet rays, X-rays, and various other types of radiation such as 
10 charged particle rays. 

Prior Art 

[0002] In the field of microfabrication represented by the manufacture of an integrated circuit device, design rules 
15 for the lithographic process have been rapidly miniaturized in order to achieve a higher circuit integration. In recent 
years, a lithography process In which microfabrication of line width of OS pm or less can be carried out stably and with 
higher accuracy has been positively developed. 

[0003] However, according to conventional methods using visible rays (wavelength: 700-400 nm) or near ultraviolet 
rays (wavelength: 400-300 nm), it has been difficult to fomri such a fine pattern with precision. Because of this, a 
20 lithography process using shorter wavelength radiation (wavelength: 300 nm or below), which ensures a wider depth 
of focus and finer dimensions for design rules, has been proposed. 

[0004] As a lithography process using such shorter wavelength radiations, a method using far ultraviolet rays such 
as a KrF excimer laser (wavelength: 248 nm) and ArF exdmer laser (wavelength: 1 93 nm) and a method using X-rays 
such as synchrotron radiation or charged particle rays such as electron beams have been proposed. In addition, In- 
25 ternational Business (Machines Corporation (IBM) has proposed a "chemically amplified resist" as a high resolution 
resist corresponding to these shorter wavelength radiations. Up until the present, development and improvement of 
the chemically amplified resist has been energetically pursued. 

[0005] A photoacid generator contained in the chemically amplified resist generates an acid on exposure to radiation, 
and the acid acts as a catalyst to cause chemical reactions such as alteration of polarity, cleavage of a chemical bond, 
30 and crosslinking reaction In the resist film to fomn a resist pattem by utilizing the change in solubility of the exposed 
part in a developer, 

[0006] As a conventionally proposed chemically amplified resist exhibiting relatively good perfomnances as a resist, 
the following resists have been proposed: a resist using a resin in wlilch an alkali affinitive group in an alkali-soluble 
resin is protected by at-butyl ester group or at-butoxycarbonyl group (Japanese Patent Publication No. 27660/1 990); 
35 a resist using a resin in which an alkali acffinitive group in an alkali-soluble resin is protected by a ketal group (Japanese 
Patent Application Laid-open No. 1 40666/1 d95); and a resist using a resin in which an alkali affinitive group in an alkali- 
soluble resin is protected by an acetal group (Japanese Patent Application Laid-open No. 161436/1990 and No. 
249682/1993). 

[0007] However, it has been pointed out that these chemically amplified resists have respective characteristic prob- 
40 \erns, whereby the practical use is accompanied by various difficulties. 

[0008] One of the fatal problems is irregular line widths of the resist pattem or a T-shaped resist pattern due to the 
time delay (Post Exposure Time Delay, hereinafter called "PED") between in^adiation and the bake process (hereinafter 

called "post-bake"). 

[0009] In addition to the above problem, because resolution, bake temperature, and the like are highly dependent 
45 on the RED, process stability becomes insufficient, whereby further improvement of the overall characteristics of the 
chemically amplified resist has been required. 

[0010] Among the above chemfcally amplified resists, a positive tone resist comprising a copolymer of hydroxysty rene 
and t-butyl acrylate as the resin component (hereinafter called "type(]) ") and a positive tone resist containing a resin 
in which a phenolic hydroxyl group of a poly(hydroxystyrene) is protected by a ketal group or an acetal group (hereinafter 

50 called "type(g> ") have been proposed as resists which overcome the above problems to some degree. 

[0011] However, because the resist of the type® contains an acrylte component whose absorption coefficient is 
small at a wavelength of 248 nm. the effect of swing cun/es becomes greater, thereby exhibiting an Impaired pattem 
profile and inferior resolution. Moreover, the resist of the typed) exhibits lower heat resistance, gh^ing rise to impaired 
pattern profiles. As described above, these resists can not satisfy properties such as high resolution and superior heat 

55 resistance, which have been required for the recent increasing demand for microfabrication. 

[0012] The European patent application EP-A-0 422 628 and the article in J. Imaging Science (1990), 34(6). 259, 
disclose photosensitive elements comprising (a) a photosensitive layer comprising a polymeric compound having acid- 
degredable crosslinkages and (b) a photosensitive component that generates acid upon exposure to radiation. Said 
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polymeric compounds (a) are constituted of monomers comprising acld-degredable linkages such as ester or carbonate 
groups and two or more terminal ethylenic groups capable of copotymerization with a backbone monomer such as 
butyl methacrylate to form the crosslinked polymer. 

[0013] The present Invention has been achieved in view of the above situation, and, In partfcular, as a result of 
considering a resin component which constitutes a chemically amplified resist in more detail. The object of the present 
invention is to provide a radiation-sensitive resin composition suitably used as a chemically amplified positive tone 
resist which is sensitive to various types of radiation and exhibits excellent sensitivity and resolution, fewer effects from 
swing curves/excellent pattern profile, and superior heat resistance. 

[0014] According to the present invention, the above object can be achieved by a radiation-sensitive resin compo- 
sition comprising: 

(A) a copolymer which comprises (a) a repeating unit (I) formed by cleavage of a carbon-carbon double bond of 
a monomer having one polymerizable carbon-carbon double bond and (b) a repeating unit (II) formed by cleavage 
of a carbon-carbon double bond of a monomer having two or more polymerizable carbon-carbon double bonds 
and at least one divalent group decomposable by an acid of the following fomiulas (1) or (2), 



(1) 



(2) 



wherein R2, R3 and are an alky I greup having 1-5 carbon atoms or an aryl group having 6-14 carbon atoms 
individually, said monomer having a structure in which each carbon-cari^on double bond combines via said divalent 
group, and 

(B) a photoacid generator, 

wherein said repeating unit (I) comprtses a repeating unft (1-1) whteh provides aikali-solublllty for the copolymer (A), 
and has a phenolic hydroxyl group in the unit. 

[0015] Other objects, features and advantages of the invention will hereinafter become more readily apparent from 
the following description. 

[0016] The present invention will now be described in detail. 
Copolymer (A) 

[0017] The copolymer (A) of the present invention is a copolymer containing the above repeating units (I) and (II). 
[0O18] The repeating unit (I) is a repeating unit which provides alkali-solubility for the copolymer (A) (hereinafter 
called 'repeating unit (1-1)'). The repeating unit (1) may comprisefurther a repeating unit which provides alkali^oiubilrty 
for the copolymer (A) by decomposition with an acid (hereinafter called ''repeating unit (1-2)^, a repeating unit whteh 
suppresses alkall-solubfllty of the copolymer (A) (hereinafter called "repeating unit (1-3)"). 

[0019] The monomer (hereinafter called "monomer (1-1)") providing the repeating unit (1-1) Is a monomer having 
phenolic hydroxyl group and provides alkali-solubility forthe copolymer (A). Optionally, the copolymer (A) may comprise 
a further monomer (1-1 ) having an acidic functional group such as a carboxyi group which provides also alkali-solubility 
for the copolymer (A). 

[0020] Of these, specific examples of the monomer (1-1) having a cart^oxyl group include (meth)acrylic add, crotonic 
acid, cinnamic acid, maleic acid, fumaric acid, itaconic acid, 2-(meth)acryloyloxyethylcarboxylic acid, 4-(meth)acryloy- 
loxycyclohexylcarboxylic acids . Specific examples of the monomer (1-1) having a phenolic hydroxyl group include o- 
hydroxystyrene, m-hydroxystyrene, p-hydroxystyrene. o-isopropenyl phenol, m-lsopropenyl phenol, p-lsopropenyl 
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phenol. 

[0021] These monomers (1-1) can be used either individually or in combinations of two or more, if at least one mon- 
omer {1-1) having a phenolic hydroxy! group is present. 

[0022] As examples of a monomer (hereinafter called "monomer (1-2)") providing the repeating unit (1-2), a monomer 
which fomis an acidic functional group such as a carboxyl group and a phenolic hydroxyl group by decomposition with 
an acid can be given. 

[0023] Of these monomers, specific examples of the monomer (1-2) forming a carboxyl group by decomposition by 
an acid include (meth)acrylate8 protected by an acid decomposable ester group, for example, t-butyl (meth)acrylate, 
tetrahydropyranyl (meth)acrylate, 2-methoxyethyl (meth)acrylate. 2-ethoxyethyl (meth)acrylate, 2-t-butoxycarbonyle- 
thyl (meth)acrylate. 2-cyanoethyl (meth)acrylale, o-(t-butoxycarbonylmelhoxy)styrene, m-(t-butoxycarbonyImethoxy) 
styrene, p-(t-butoxycarbonylmethoxy)styrene. hydroxy(a-methyl)styrene derivatives protected by an add decompos- 
able ester group such as a-methyt substituents of these compounds. 

[0024] As specific examples of the monomer (1-2) which fonns a phenolic hydroxyl group by decomposition with an 
acid, p-(1 •methoxyethoxy)styrene, p-(1-ethoxyethoxy)styrene, p-(1 -n-propoxyethoxy)styrene, p-(1 -i-propoxyethoxy) 
styrene. p-(1 -cyclohexyloxyethoxy)styrene, p-(1 -isobornyloxyethoxy)styrene, hydroxy(a-methyl)styrenes protected by 
an aceta! group such as a-methyl substituents of these compounds, p-acetoxystyrene, p-t-butoxycarbonyloxystyrene, 
p-t-butoxystyrene, a-methyl substituents of these compounds can be given. 
[0025] These monomers (1-2) can be used either individually or in combinations of two or more. 
[0026] Examples of a monomer providing the repeating unit (1-3) (hereinafter called "monomer (1-3)") include: aro- 
matic vinyl compounds such as styrene, a-methylstyrene, p-methylstyrene, p-chlorostyrene, and p-methoxystyrene; 
hetero atom-containing alicyclic vinyl compounds such as N-vinyl pyrrolidone and N-vinyl caprolactam; cyano group- 
containing vinyl compounds such as (meth)acrylonitrlle and cyano vinylidene; (meth)acrylamides (derivatives) such 
as (meth)acrylamide, N,N-dimethyl (meth)acrylamidB, and N.N-dlmethylol (meth)acrylamlde; methyl (meth)acrylate, 
ethyl (meth)acrylate, n-propyl (meth)acrylate, i-propyl (meth)acrylate. 2-hydroxyethyl (meth)acrylate, 2-hydroxypropyl 
(meth)acrylate. 3-hydroxypropyl (meth)aciylate, phenyl (meth)acrylate. cyclohexyl (meth)acrylate, benzyl (meth)acr- 
ylate, Isobornyl (meth)acrylate, tricyclodecanyl (meth)acrylate. 

[0027] These monomers (1-3) can be used either individually or in combinations of two or more. 
[0028] As the repeating unit (I) of the present invention, the repeating unit (1-2), in particular, t-butyl (meth)acrylate, 
tetrahydropyranyl (meth)acrylate, p-(1-ethoxyethoxy)styrene, p-t-butoxycarbonyloxystyrene, p-t-butoxystyrene is pref- 
erable. 

[0029J The content of the repeating unit (1-2) in the repeating unit (1) is usually 20 wt% or more, preferably 20-60 
wt%, and particularly preferably 25-50 wt%. 

[0030] The repeating unit (1) can be used either individually or in combinations of two or more in the copolymer (A). 
[0031] The content of the repeating unit (I) In the copolymer (A) is usually 60-99 wt%. preferably 70-98 wr%, and 
more preferably 75-97 wt%. If the content is less than 60 wt%, resolution as a resist may be degraded. On the other 
hand, if thecontent exceeds 99 wt%, in consequence the amount of the repeating unit (II) decreases relatively, whereby 
sensitivity, adhesion to a substrate, and the lilce as a resist may be insufficient. 

[0032] The repeating unit (11) has the function of restraining thermal decomposition and improving heat resistance 
by introducing appropriate branched structures to the copolymer (A) thereby degrading the movement of a molecular 
chain of the polymer, and the function of lowering the moiecular weight of the copolymer (A) by decomposing with an 
acid. Moreover, the viscosity of the polymer solution can be maintained lower than that of a linear polymer solution 
owing to the branched structures Introduced by the repeating unit (11). As a result, heat resistance as well as resolution 
as a resist of the copolymer (A) can be improved owing to the higher molecular weight of the copolymer (A). In addition, 
because the repeating unit (II) has a specific group decomposed by an acid, the branched structure in the copolymer 
(A) is destroyed, whereby the molecular weight of the copolymer (A) becomes lower. Because of this, the copolymer 
(A) exhibits higher solubility in the presence of acids and greatly improved resolution as a resist. 
[0033] A monomer providing the repeating unit (I I) (hereinafter called "monomer (II) ") is a monomer having at least 
one divalent ester group of the above formula (1 ) (hereinafter called "ester group (1 )") or one divalent carbonate group 
of the above formula (2) (hereinafter called "carbonate group (2)"). 

[0034] Of these monomers, the monomer (II) having an ester group (1) can be synthesized, for example, by esteri- 
fication of a polyhydric alcohol having at least one tertiary hydroxyl group and a monovalent carboxyilc acid having 
one polymerizable carbon-carbon double bond. 

[0035J The above esterification can be carried out by using the following methodsQ) -(3) : 
® reacting acid chloride of the carboxyilc acid compound with the polyhydric alcohol; 

® reacting the polyhydric alcohol with the cariDoxylic acid compound by using a condensing agent such as dicy- 
clohexylcarbodiimide; 

@ reacting the polyhydric alcohol with the carboxyilc acid compound by using an anhydride of a strong acid such 
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as triftuoroacetic add as a dehydrating agent; and 

(3) a transesteriflcation between the poiyhydric alcohol and an ester of the carboxyllc add compound. 

[0036] As examples of the poiyhydric alcohol having a tertiary hydroxyl group, which is used for ttie synthesis of the 
mononner (II) having an ester group (1 ). compounds of the following general fomnulas (3H5) and the like can be given: 

R 

( H0-C-)-R5 (3) 
R 

wherein Rs are the same groups as R^, R^, R3, and R* defined for the formulas (1 ) and (2), provided that a plural R 
may be the same or different, R^ is an organic group with a valence of i, provided that R< is a single bond when i = 2, 
and i is an integer from 2-4; 



HO 



(4) 



Wherein Rs are the same groups as R2, r3, and R* defined for the fonnulas (1) and (2), provided that a plural R 
may be the same or different, R^ Is an alkyl group having 1 -5 carbon atoms, provided that a plural R® may be the same 
or different, J is an integer of 2-4, and m Is an Integer from 0-4, provided that j and m satisfy the relation of j + m s 6; 



/ 



HO 



R (rT)^N 



\ 



(5) 



/Z 



wherein Rs are the same groups as R^ R2, R3, and R^ defined for the fonnulas (1) and (2), provided that a plural R 
may be the same or different, R^ is an alkyl group having 1 -5 carbon atoms, provided that a plural R^ may be the same 
or different, R® is an organic group with a valence of z, -0-, -S-, -CO-, or -SOg-, k is an Integer from 1 -2, n is an Integer 
from 0-3, and z is an integer from 2-4. 

[0037] Examples of the compound of the formula (3) Include: tertiary diols such as 2.3-dlmethyl-2,3-butanediol, 2.3-di- 
ethyl-2,3-butanediol. 2,3-dl-n-propyl-2,3-butanediol, 2,3-diphenyl-2.3-butanedlol, 2,4-dlmethyl-2.4-pentanediol, 2,4-di- 
ethyl-2,4-pentanediol, 2,4-di-n-propyl-2,4-pentanediol, 2,4-diphenyl-2,4-pentanediol, 2,5-dimethyl 2,5-hexanedlol, 
2,5-dlethyl-2,5-hexanedlol, 2,5-di-n-propyl-2,5-hexanedlol, 2,5-diphenyl-2,5-hexanediol. 2.6-dimethyl-2,6-heptanedi- 
ol. 2,6-diethyl-2,6-heptanediot, 2.6-di-n-propyl-2,6-heptanediol, and 2.6-diphenyl-2,6-heptanediol; secondary triols 
such as 2,4-dlmethyI-2,4-dlhydroxy-3-(2-hydroxypropyt)pentane, 2,4-dlethyl-2,4-dlhydroxy-3-(2-hydroxypropyl)pen- 
tane, 2,S-dlmethyl-2,5-dihydroxy-3-(2-hydroxypropyOhexane, and 2,5-diethyl-2,5-dlhydroxy-3-(2-hydroxypropyl)hex- 
ane; tertiary tetrads such as 2,4-dlmethyl-2,4-dihydroxy-3,3-di(2-hydroxypropyl)pBntane, 2,4-diethyl-2,4-dihydroxy- 
3,3-di(2-hydroxypropyl)pentane,2.6-dimethyl-2.5-dihydroxy-3,4-di(2-hydroxypropyl)hexane, and 2,5-dlethyl-2,4-dihy- 
droxy-3,4-di(2-hydroxypropyl)hexane. 

[0038] As examples of the compound of the fonnula (4). 1 ,4-di(2-hydroxyisopropyl)benzene, 1 ,3-di(2-hydroxyl60- 
propyl)benzene, 1 ,3.5-tri(2-hydroxyisopropyl)benzene, 1 ,2,4,5-tetra(2-hydroxyisopropyl)benzene, can be given. 
[0039] As examples of the compound of the fonnula (5), 2,2-bis[4-(2-hydroxyisopropyl)phenylIpropane, 1,2,2-tris 
[4-{2-hydroxylsopropyl)phenylJpropane, 1,2,3,4-tetra(4-(2-hydroxyisopropyl)phenyllbutane, bis[4-(2-hydroxyisopro- 
pyl)phenyO ether, bis[4-(2-hydroxyisopropyl)phenylJsulfide, bis[4-(2-hydroxylsopropyl)phenyl]kelone» bis[4-(2-hydrox- 
yisopropyl)phenyl]sulfone, can be given. 
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[0040] Of these dihydric, trihydric, and tetrahydric tertiary alcohols of the formulas (3)-(5), 2,5-dimethyl-2,5-hexan- 
edlol, 1,4-di(2-hydroxylsopropyl)benzene, 1,3-dl(2-hydroxyisopropyObenzene are particularly preferable. 
[0041] As examples of the monovalent carboxyllc acid having one polymerizable carbon-carbon double bond, which 
is used for the synthesis of the monomer (II) having the ester group (1), the monomers having a carboxyl group, which 
are used as the monomer (1-1) can be given. 

[0042] The monomer (II) having the carbonate group (2) can be synthesized by, for example, converting a polyhydric 
alcohol having at least one tertiary hydroxyl group into a poly(chlorofonnate) by phosgene , then reacting this compound 
with a monohydric alcohol having one polymerizable carbon-carbon double bond. 

[0043] As examples of the polyhydric alcohols having at least one tertlaiy hydroxyl group used for synthesizing the 
monomer (11) having the carbonate group (2), dihydric. trihydric, and tetrahydric tertiary alcohols of the fonnulae (3) to 
(5) used for synthesizing the monomer (II) having the ester group (1 ) can be given. 

[0044] Of these, 2,5-dimethyi-2,5-hexanedioI. 1.4-di(2-hydroxyisopropyl)benzene. 1 .3-di(2-hydroxisopropyl)ben- 
zene, and the like are particularly preferable. 

[0045] As examples of the monohydric alcohols having one polymerizable carbon-cart>on double bond used for syn- 
thesizing the monomer (11) having the carbonate group (2), hydroxystyrenes such as o-hydroxystyrene, m-hydroxysty- 
rene, p-hydroxystyrene, o-isopropeny! phenol, m-isopropenyl phenol, and p-isopropenyl phenol, hydroxyalkyi (meth) 
acrylates such as 2-hydroxyethyl (meth)acfylate, 2-hydroxypropyl (meth)acrylate, 3-hydroxypropyI (meth)acrylate, 
2-hydroxybutyl (meth)acrylate, 3-hydroxybutyl (meth)acrylate, and 4-hydroxybutyf (meth)acrylate can be given. 
[0046] The repeating unit (II) can be used either singly or in combinations of two or more in the copolymer (A). 
[0047] The content of the repeating unit (II) used in the copolymer (A) is usually 1 -40 wt%, preferably 2-30 wt%, and 
particularly preferably 3-25 wt%. If the content of the repeating unit (II) is less than 1 wt%, sensitivity as a resist and 
adhesion to a substrate may be insufficient. On tiie other hand, if the content exceeds 40 wt%, resolution as a resist 
may be degraded. 

[0048] The copolymer (A) can be synthesized by. for example, the following methods (a) to (c): 

(a) oopolymerlzing the monomer (1) and the monomer (II) directly; 

(b) copolymerizing p-acetoxystyrene and the monomer (II), optionally together with the monomer (I) other than p- 
acetoxystyrene. followed by hydrolysis under basic conditions to obtain the copolymer of p-hydroxystyrene and 
the monomer (II), which may contain the monomer (i) other than p-acetoxystyrene; 

(c) protecting at least one portion of the phenolic hydroxyl groups of the copolymer obtained by the above method 
(b) with a group which Is decomposed by an acid such as a 1 -ethoxyethoxy group or a t-butoxycarbonyloxy group. 

[0049] Polymerization in the methods (a)-(c) can be carried out by using a conventionally known method in which 
polymerization initiators, molecular weight modifiers are used. 

[0050] As examples of the above polymerizatk>n initiators, benzoyl peroxide. IduroyI peroxide, 2,2'-azobisisobuty- 
ronitrile. 4.4'-a2obis(4-cyanovaleric acid). 2.2 -azobls(4-methoxy-2,4-dimethyh^aleronitrile) can be given. 
[0051 ] These polymerization initiators can be used either indwidually or in combinations of two or more. 
[0052] As examples of the molecular weight modifiers, halogenated hydrocarbons such as carbon tetrachloride, 
chlorofomi, and carbon tetrabromide, mercaptanssuch as n-hexylmercaptan, n-octylmercaptan, n-dodecylmercaptan. 
t-dodecylmercaptan, thiogtycollic acid, and thtopropionic acid, xanthogens such as dimethylxanthogen disulfide, and 
diisopropylxanthogen disulfide, terpinolene. a-methylstyrene dimercan be given. 

[0053] These molecular weight modifiers can be used either individually or in combinations of two or more. 
[0054] The polystyrene-reduced weight average molecular weight (hereinafter called "Mw^ of the copolymer (A) 
determined by gel pernwation chromatography (GPC) is usually 1 0,000-500,000, preferably 1 5,000-200,000. and par- 
ticulariy preferably 20,000-160,000. If the Mw of the copolymer (A) is less than 10,000, sensitivity, heat res/stance as 
a resist may be Insufftoienl. On the other hand. If the Mw exceeds 500,000. solubility In developers may be adversely 
affected. 

[0055] The ratio of the Mw to the polystyrene-reduced number average molecular weight (hereinafter called "Mn") 
determined by gel penneation chromatography (GPC) of the copolymer (A) (Mw/IWn) is usually 1 .5-1 0.0. and preferably 
2.0-5.0. 

[0056] In the present invention, the copolymer (A) can be used either individually or in combinations of two or more. 
Photoacid generator (B) 

[0057] The photoacid generator (B) used In the present Invention is a compound which generates acids by irradiation 
(hereinafter called "exposure"). 

[0058] As examples of the photoacid generator (B).0 onium salt compound, d) sulfone compound, (g) sulfonate 
compound, @ sulfonimide compound, (D diazomethane compound can be given. 
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0 Onium salt compound 

[0059] As the onlum salt compounds, lodonium salt, sulfonium salt, phosphonium salt, diazonium salt, ammonium 
salt, pyrfdinium salt, can be given. 

[0060] Specific examples of the onium salt compounds include diphenyliodonium trifluoromethanesulfonate, diphe- 
nyllodonlum nonafluorobutanesulfonate, diphenyliodonium pyrenesulfonate, diphenyliodonium dodecylbenzenesul- 
fonate, diphenyliodonium hexafluoroantimonate. bls(4-t-butylphenyl)iodonium trifluoromethanesulfonate, bis(4-t-buty!- 
phenyl)iodonlum nonafluorobutanesulfonate, bis(4-t-butylphenyl)lodonlum camphorsulfonate; bls(4-t-butylphenyl) 
triphenylsulfonlum trifluoromethanesulfonate, triphenylsulfonlum nonafluorobutanesulfonate, triphenylsulfonlum cam- 
phorsulfonate, triphenylsulfonlum naphthalenesulfonate, 4-hydroxydtphenylbenzylmethylsulfonium p-totuenesul- 
fonate. 

(D Sulfone compound 

[0061] As the sulfone compounds, p-ketosulfone, p-sulfonylsulfone, a-dlazo compounds of these compounds can 
be given. 

[0082] As specific examples of the sulfone compounds, phenacyiphenylsulfone, mesitytphenacylsulfone, bis(phe- 
nytsulfonyl)methane, can be gh^en. 

® Sulfonate compound 

[0083] As the sulfonate compounds, al)<ylsutfonate. haloalkytsulfonate, arylsulfonate, iminosutfonate can be given. 
[0064] As specific examples of the sulfonate compounds, benzointosytate, pyrogalloltristrifluoromethanesutfonate, 
pyrogallolmethanesulfonic acid triester, nitFobenzyl-9,10-d]ethoxyanthracene-2-sulfonate, annethylolbenzointosyiate, 
a-methytolbenzoinoctanesulfonate,a'-methylolbenzointrlftuoromethanesutfonate, a*methytoibenzoindodecylsutfonate 
can be given. 

® Sulfonimide compound 

[0065] As the sulfonimide compounds, compounds of the following formula (6) can be given: 



wherein Q is a divalent group, for example, an all<yi6ne group, arylene group, or aikoxylene group, and R® is a mono- 
valent group, for example, an all<yl group, aiyl group, halogen -substituted alkyi group, or halogen substituted aryl group. 
[0066] Specific examples of the sutfonimkie compounds include 

N-(trifluoromethylsuIfonyloxy)succinlmide, 
N-(trifluoromethyIsulfonyloxy)phthalimide, 
N-(trifluoromethylsuifonyloxy)diphenylmaletmide, 

N-(trifluoromethylsulfonyloxy)bicyclo[2.2.1]hept-5-ene-2,3-dtcarboximide, N-(trifiuoromethyIsulfonyloxy)-7-oxabi- 
cyclo[2.2. 1 ]hept-5-ene-2,3-dk:arboximide, 

N-(trifiuoromethylsulfonyloxy)bfcyclo[2.2,1)heptane-5,6-oxy-2,3-dtearboximide, 

N-(trifluoromethylsulfonyloxy)naphthyIimide, 

N-(camphor8Ulfonyloxy)succinimide, 

N-(camphorsutfonyloxy)phthaIimide, 

N-(camphorsuifonyloxy)diphenylmaleimide, 

N-(camphorsulfonyloxy)blcyclo(2.2.1]hept-5-ene-2,3-dfearboximide, N-(camphorsulfonyloxy)-7-oxabtoyclo[2.2.1) 
hept-5-ene-2, 3-dicarboximlde, 
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N-(camphorsulfonyloxy)blcyclo[2.2,11heptane-5.6-oxy-2,3-clicarboxlmide, N-(camphorsulfonyloxy)naphthyllmide, 

N-(4-methylphenylsulfonyloxy)succinimld8, 

N-(4-methylphenylsu!fonyloxy)phthaIimide, 

N-{4-methylphenylsulfonyloxy)diphenylmaleimide, 

N-(4-methylphenylsulfonyloxy)blcyclo[2.2.1]hept-^ne-2.3<llcaitoxlm N-(4-methylphenylsulfonyloxy)-7-ox- 
abicyclo[2.2.1jhept-5-ene-2,3-dlcarboximid8, 

N-(4-methylphenylsulfonyloxy)bicyclo(2.2.1]heptanG-5,6-oxy-2,3-dlcarboximide, 

N-(4-methylphenylsulfonyloxy)naphthylimid, 

N-(2-trifluoromethylphenylsulfonyloxy)succlnimide, 

N-(2-trifluoromethylphenylsulfonyloxy)phthalimide. 

N-(2-titluoromethylphenylsu!fonyloxy)dlphenylmaletmide, 

N-(2-trifluoromethylphenylsutfonyloxy)blcyclo[2,2.1lhept-5-ene-2,3-dicar^^^ 

N-{2-trifluoromethylphenylsulfonyloxy)-7-oxabicycro[2.2.1]hept-6-ene-2,3-djcarboximW 

nylsulfonyloxy)bicyclo[2,2.1]heptane-5,6-oxy-2,3-dicarboximide, 

N-(2-trltluoromethylphenylsulfonyloxy)naphthylim(de, 

N-(4-fluorophenylsulfonyloxy)succinimide, 

N-(4-fluorophenylsuIfonyloxy)phthalimide, 

N-(4-fluorophenylsuifonyloxy)diphenylmaleimide, 

N-(4-fluorophenylsulfonyloxy)bicyclo[2.2.1lhept-5-ene-2,3-dicarboxirnide, N-(4-f]uorophenylsulfonyloxy)-7-oxabl- 
cyclo[2.2.1]hept-5-6ne-2,3-dicarboxlmlde, 

N-(4-fluorophenyteulfonyloxy)blcyclo[2.2. 1 ]heptane-5,6-oxy-2,3-dicarboximlde. 
N-(4-fluorophenylsu!fonyloxy)naphthyllmlde. 

© Diazomethane compound 

[0067] As the diazomethane compounds, compounds of the following fomiula (7) can be given: 



N2 

Ri<^'S02— C-SO2— R^^ <7) 

wherein R^o and are monovalent groups such as an alicyl group, aryl group, halogen-substituted alkyl group, and 
halogen-substituted aryl group independently. 

[006ai As specific examples of the diazomethane compounds, bis(trifluoromethyl8utfonyl)diazomethane, bis(cy- 
clohexylsulfonyl)diazoniethane, bis(phenyIsulfonyl)dla2omethane, bis{p-toluenesulfonyOdlazomethane, methylsulfo- 
nyl-p-toluenesulfonyldlazomethane, 1-cyclohexylsulfonyl-1-(1.1-dimethylethylsulfonyl)diazomethane, bis(1.1-dimeth- 
ylethylsulfonyl)diazomethane can be given. 

[0089] Of these photoacid generators (B), ® onlum salt compounds, © sulfonate compounds, ® sulfonimlde 
compounds, and ® diazomethane compound are preferable. Specifically, triphenylsulfonium trifluoromethanesul- 
fonate, trfphenylsuffonium nonafluorobutanesulfonate, bis(4-t-butylphenyl)iodonium nonafluorobutanesulfonate, bis 
(4-t-butylphenyl)lodonium camphorsulfonate, bis(4-t-butylphenyl)iodonlum p-toluenesulfonate, a-methylolbenzointo- 
sylate, a-methylolbenzoinoctanesulfonate, a-methylolbenzointrifluoromethanesulfonate, a-methylolbenzoindodecyl- 
sulfonate, pyrogaflolmethanesulfonic acid triester, N-(trifluoromethylsulfonyloxy)bicyclo[2.2.1]hept-6-ene-2,3-dlcarbo- 
ximide, N-(camphorsulfonyloxy)bicyclo[2.2.1]hept-5-ene-2.3-dlcarboximide, N-(camphorsulfonyloxy)naphthylimido, 
bis(cyclohexylsuifonyl)diazamethane are particularly preferable. 

[0070] in the present invention, the photoacid generator (B) can be used either individually 0 r in combinations of two 
or more. 

[0071 ] The amount of the photoacid generator (B) Is usually 1 -20 parts by weight, and preferably 1 -1 0 parts by weight 
for 100 parts by weight of the copolymer (A). If the amount Is less than 1 part by weight, chemical changes owing to 
the catalytic action of acids generated by the exposure may be insufficient. On the other hand, the use of more than 
20 parts by weight may cause uneven application or development residue (scum) at the time of development. 

Acid diffusion controller 

[0O72] In the present Invention, It is preferable to use an acid diffusion controller whicli , for example, inhibits diffusion 
of acids generated from the exposed photoacid generator (B) in the resist film, whereby undesirable chemical reactions 
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in the unexposed area can be suppressed. By using the acid diffusion controllers, storage stability of the composition 
as well as resolution as a resist are inrv)roved and line width variation of a resist pattern caused by the PED can be 
restrained, whereby the highly stable process can be ensured. 

[0073] As such acid diffusion conlrolters, nitrogen-containing organic compounds whose basicity can not be affected 
by exposure or baking can be preferably used. As specific examples of the nitrogen-containing organic connpounds, 
compounds of the following fomnula (hereinafter called "nitrogen-containing compound (a)"). 

wherein Ri2, R^3, and R^* are a hydrogen atom, allcyl group, aryl group, or arallcyl group independently, 
diamine compounds having two nitrogen atoms in the molecule (hereinafter called "nitrogen-containing compound 
iPf), polymers having more than three nitrogen atoms (hereinafter called "nitrogen-containing compound (y)"). amide 
group-containing compounds, urea compounds, nitrogen-containing heterocyclic compounds can be given. 
[0074] Examples of the nitrogen-containing compound (a) Include monoalkylamlnes such as n-hexylamine. n-hep> 
tylamine; n-octylamine, n-nonylamlne, and n-decylamino, dialkylamlnes such as di-n-butylamine» di-n-pentylamine, di- 
n-hexylamlne, di-n-heptylamine, di-n-octylamine, di-n-nonylamlne, anddi-n-decylamlne,trlalkylaminessuchastriethyl- 
amine, tri-n-propylamine, tri-n-n-butylamlne, tri-n-pentylamine, tri-n-hexylamlne, tri-n-heptylamlne, tri-n-octylamine, tri- 
n-nonylamine, tri-n-decylamine, tri-n-dodecylamine, and n-dodecyldiniethylamine, and aromatic amines such as ani- 
line, N-methytaniline, N.N-dimethylanillne, 2-methylaninne, 3-methylanlllne, 4-methylaniline, 4-nitroanitine. diphe- 
nylamine, triphenylamine, and naphthylamine. 

[0075] , As examples of the nftrogen-containing compound (p), ethylenediamine, N,N,N',N'-tetramethylethylenedi- 
amtne, tetramethylenediamine, hexamethylenediamlne, 4.4'-dlaminodiphenylmethane, 4,4*-diaminodiphenylether, 
4,4'-dlaminobenzophenone,4,4'-diamlnodiphenylamine,2,2-bi8(4-aminophenyI)propane,2-(3-aminophenyl)-2-(4-ami- 
nophenyl)propane,2-(4-amlnophenyl)-2-(3-hydroxyphenyl)propane, 2-(4-amlnophenyO-2-(4-hydroxyphenyl)propane, 
1,4-bisI1-(4-aminophenyl)-1-methylethyi)benzene, 1,3-bls[1-(4-aminophenyl)-1-methylethyl]ben2ene can be given. 
[0076] As examples of the nitrogen-containing compound (7), polyethyleneimine. polyallylamine, polymer of dimeth- 
ylamlnoethylacrylamide, and the like can be given. 

[0077] As examples of the amide group-containing compounds, fonnamide, N-methylformamide, N,N-dimethylfor- 
mamide, acetamlde, N-methylacetamide, N,N-dimethylacetamide, proploneamlde, benzamide, pyrroiidone, N-meth- 
ylpyn-otklonB can be given. 

[0078] As examples of the urea compounds, urea, methylurea, 1 .1-dimethylurea, 1 ,3-dimethylurea, 1 ,1 .3,3-tetram- 
ethylurea, 1 ,3-diphenylurea, Iributylthiourea can be given. 

[0079] Examples of the nitrogen-containing heterocyclic compounds include imidazoles such as imidazole, benzim- 
idazole, 4-methylimidazole, and 4-methyl-2-phenyljmidazole, pyridines such as pyridine, 2-methylpyridine, 4-methyi- 
pyridine, 2-ethylpyridine, 4-ethylpyrldlne, 2-phenylpyridine, 4-phenylpyridine, N-methyM-phenylpyridine, nicotine, nic- 
otinic acid, nicotinamide, quinoline. 8-oxyqulnoline, and acridlne, pyrazon, pyrazole, pyridazine. quinoxaline. purine, 
pyrrolidine, piperidine, morpholine, 4-methylmorphoiine, piperazine, 1 ,4-dimethyipiperazine, 1 ,4-diazabk:yclo[2.2,2]oc- 
tane. 

[0080] Of these nitrogenncontaining organic compounds, the nitrogen-containing compound (a) and the nitrogen- 
containing heterocyclic compounds are preferable. Moreover, trialkylamines and pyridines are particularly preferable 
among the nitrogen-containing compound (o) and among the nitrogen-containing heterocyclte compounds, respec- 
tively. 

[0081] These acid diffusion controllers can be used either individually or in combinations of two or more. 
[0082] The amount of the acid diffusion controllers to be used is usually 1 5 parts by weight or less, preferably 0,001 -1 0 
parts by weight, and particularly preferably 0.005-5 parts by weight for 1 00 parts by weight of the copolymer (A). If the 
amount exceeds 15 parts by weight, sensitivity as a resist as well as developability of the exposed part may be inferior. 
If the amount is less than 0.001 part by weight, a pattern profile or dimensional accuracy as a resist may be worse 
depending on the process conditions. 

Alkali-soluble resin 

[0083] in the present invention, alkali-soluble resins can be added in addition to the copolymer (A), as required. 
[0084] An alkali-soluble resin is a resin whteh is soluble in alkaline developers and has one or more functional groups 
affinitive to an alkaline developer. For example, acidic functional groups such as a cartjoxyl group and a phenolic 
hydroxyl group can be given as such functional groups. Because the dissolving rate of the resist film fomied from the 
radiation-sensitive resin composition of the present invention in alkaline developers can be easily controlled by using 
such alkali-soluble resins, developability can be further Improved. 
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[0085] There are no specific limitations to the alkali-soluble resins to be used as far as the resins are soluble in 
alkaline developers. As examples of the alkali-soluble resins, addition polymerized resins having at least one repeating 
unit fomned by cleavage of a polymerizable carbon-carbon double bond of ethylenlc unsaturated monomers having an 
acidic functional group, for example, hydroxystyrenes, isopropenyl phenols, vinylbenzolc acids, carboxymethylsty- 
renes, carboxymethoxystyrenes, (meth)acryllc acid, crotonic acid, maleic acid, fumaric acid, itaconic acid, citraconk: 
acid, mesaconk: acid, and cinnamk; add, polycondensed resins having at least one condensing repeating unit having 
an acidk; functional group, whrch is represented by novoiak resins, and the like can be given. 
[0086] The above addition polymerized resins used as the alkali-soluble resins may further contain one or more 
repeating units other than the repeating unit fomned by cleavage of a polymerizable carbon-caibon double bond of 
ethylenic unsaturated monomers having an acidk: functional group. 

[0087] As examples of such other repeating units, repeating units fonmed by cleavage of a polymerfzable carbon- 
carbon double bond of, for exannple. styrene, a-methylslyrene, vinyltoluenes, maleic anhydride, (meth)acrylonitriie, 
crotonitrile, malelnitrile, fumamitrile, mesaconitrlle, dtraconitrile. itaconitrile, (meth)acrylamkle, crotonamide, maleina- 
mide, fumaramide, mesaconamlde, cilraconamkle, ilaconamlde, vinylanllines, vinylpyridlnes, N-vinyl-e-caprolactam, 
N-vinyl pyrrolidone, N-vinyl imidazole can be given. 

[0088] Of the above addition polymerized resins, poly(hydroxystyrene) and isopropenylphenol copolymers are par- 
ticularly preferable in view of higher radiation pemrteabllity and superior resistance to dry etching when used as a resist 
film. 

[0089] 5 The above polycondensed resins used as the alkali-soluble resins may contain one or more condensing 
repeating unite other than the condensing repeating unit having an acid functional group, as required. 
[0090] Such polycondensed resins can be obtained by (co)polycondensing one or more phenols and one or more 
aldehydes with polycondensation components whfch can fonfn other condensing repeating unit, as required, in the 
presence of an acidic or basic catalyst in an aqueous medium or a mixed medium of water and hydrophilic solvent. 
[0091] As examples of the phenols, o-cresol, m-cresol, p-cresol, 2,3-xylenol, 2,4-xylenol, 2,5-xyIenol, 3,4-xylenol, 
3,5-xyl8nol. 2,3,5-trimethylphenol, 3,4,5-trimethylphenol can be given. As examples of the aldehydes, fomialdehyde, 
Irioxane, parafomriaidehyde, benzaldehyde, acetaldehyde, propylaldehyde, phenylacetaldehyde can be given. 
[0092] The Mwof the alkali-soluble resin is usually 1,000-100,000, preferably 3,000-50,000, and particularly prefer- 
ably 3,000-30,000. If the IWw Is less than 1 ,000, resolution as a resist may be insufficient. On the other hand, if the IWw 
exceeds 100,000, viscosity of the resist solution increases, whereby the film thickness of the coated areas may be 
nonuniform when the resist is applied to a substrate. 

[0093] The above alkali-soluble resin can be used either individually or in combinations of two or more. 

[0094] The amount of the alkali-soluble resins to be used is usually 200 parts by weight or less for 100 parts by 

weight of the copolymer (A). If the amount exceeds 200 parts by weight, resolution as a resist may be degraded. 

Addith^es 

[0095] Additives such as surfactants and photosensftizere can be added to the radiation-sensitive resin composition 
of the present invention, as required. 

[0098] The surfactants improve coatabillty and striatton of the composition, developability as a resist, and the like. 
[0097] As examples of surfactants, polyoxyethylene lauryl ether, polyoxyethylene stearyl ether, polyoxyethylene oleyl 
ether, poiyoxyethylene octylphenyl ether, polyoxyethylene nonylphenyl ether, polyethylene glycol dilaurate, polyethyl- 
ene glycol distearate can be given. 

[0098] Th e amount of su rf actant to be used Is usually 2 parts by weight or less for 1 00 parts by weight of the copolymer 

[0099] The photosensitize rs increase the amount of acid generated from the exposed photoacid generator (B) by 
absorbing the radiation energy and then transmitting the energy to the photoacid generator (B), whereby apparent 
sensitivity as a resist can be improved. 

[01 00] As examples of the photosensitizers, benzophenones, rose bengals, anthracenes, acetophenones, pyrenes. 
phenothlazines, can be given. 

[01 01 ] Photosensitizers are usually used in the amount of 50 parts by weight for 1 00 parts by weight of the copolymer 
(A). 

[0102] IWoreover, combinations of dyes or pigments weaken the Influence of halation at the time of exposure by 
visualizing the latent image of the exposed area, and adhesion improving agents ensure superior adhesion to a sub- 
strate. 

[0103] Furthermore, other additives such as halation preventers, fomri improving agents, storage stabilizers, and 
anti-foaming agents can be combined. 
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Solvent 

[0104] The radiation-sensitive resin composition of the present invention is prepared as the composition solution 
before use in practice. The composition soiution is prepared by dissolving the composition uniformfy in solvents so that 
5 the total solid concentration is usually 3-50 wt%, and preferably 5-40 wt%, followed by fittration using, for example, a 
filter having a pore diameter of about 0.2 \im. 

[0105] Examples of solvents used In the preparation of the composition solution include: ethylene glycol monoalkyl 
ether acetates such as ethylene glycol monomethyl ether acetate, ethylene glycol monoethyl ether acetate, ethylene 
glycol mono-n-propyl ether acetate, and ethylene glycol mono-n-butyl ether acetate; propylene glycol monoalkyl ethers 

10 such as propylene glycol monomethyl ether, propylene glycol monoethyl ether, propylene glycol mono-n-propyl ether, 
and propylene glycol mono-n4)Utyl ether; propylene glycol dialkyl ethers such as propylene glycol dimethyl ether, pro- 
pylene glycol diethyl ether, propylene glycol di-n-propyl ether, and propylene glycol di-n-butyl ether; propylene glycol 
monoalkyl ether acetates such as propylene glycol monomethyl ether acetate, propylene glycol monoethyl ether ace- 
tate, propylene glycol mono-n-propyl ether acetate, and propylene glycol mono-n -butyl ether acetate; lactic acid esters 

IS such as methyl lactate, ethyl lactate, n-propyl lactate, and i-propyl lactate; aliphatic carboxylates such as ethyl acetate, 
n^propyl acetate, i-propyl acetate, n -butyl acetate, i-butyl acetate, n-amyl acetate, i-amyl acetate, i-propyl propionate, 
n-butyl propionate, and i-butyl propionate; esters such as 3-methoxymethyl propionate, 3-methoxyethyl propionate, 
3-ethoxymethyl propionate, 3-ethoxyethyl propk>nate, methyl pyruvate, and ethyl pyruvate; aromatic hydrocarbons 
such as toluene and xylene; ketones such as 2-heptanone, 3-heptanone. 4-heptanone, and cyclohexanone; amides 

20 such as N.N-dlmethylfonnamide, N-methylacetamide, N,N-dimethylacetamlde, and N-nriethylpyrrolidone; lactones 
such as Y-butyrolactone. 

[01 06] These solvents can be used either singly or In combinations of two or more. 
Fonnatfon of resist pattern 

25 

[01 07] A resist pattern is formed from the radiation-sensitive resin composition of the present invention according to 
the following process. 

[01 08] First, the resist films are formed by coating the above-described composition soiution on a substrate such as 
a silicone wafer or a wafer coated with aluminum by using an appropriate coating method such as rotary coating, cast 

30 coating, or roil coating. Then, after the pre-heating treatment (hereinafter called "pre-bake") if necessary, the resist film 
is exposed via the fixed master pattern. As the radiation used In the above process, for example, ultraviolet rays such 
as i-rays (wavelength: 365 nm), far ultraviolet rays such as an ArF excimer laser (wavelength: 1 93 nm) and KrF exclmer 
laser (wavelength: 248 nm), X-rays such as synchrotron radiation, and charged particle rays such as electron beams 
are suitably selected corresponding to types of the photoacid generator (B). The exposure conditions such as light 

35 exposure may vary according to the fomnulatlon of the composition, types of additives. 

[0109] In the present invention, it is preferable to perform a post-bake In order to improve apparent sensitivity of the 
resist film. The heating temperature is usually 30-200''C, and preferably 40-1 50°C, although the temperature may vary 
according to the formulation of the composition, types of additives. 

[01 10] Then, the fixed resist pattem is formed by developing the exposed resist film using alkaline developers under 

40 the conditions of usually 30-200 seconds at 1 0-50*C. 

[0111] As examples of the alkaline developers, alkaline aqueous solution wherein at least one compound selected 
from alkaline compounds such as mono-, di-, or tri-alkylamlnes, mono-, di-, ortri-alkanolamines, heterocyclic amines, 
tetraalkylammonium hydroxides, choline. 1 ,8-dia2abteyclo[5.4.0]-7-undecene, 1 ,5-dIa2abicyclo[4.3.0]-5-nonene is dis- 
solved so that the concentration Is 1-10 wt%, and preferably 1-5 wt%. 

45 [01 12] A moderate amount of water soluble organic solvents such as methanol and ethanol or surfactants can be 
added to the developers consisting of the above alkaline aqueous solution. 

[01 13] When developers consisting of the alkaline aqueous solution are used, the resist is usually rinsed with water 
after development. 

[01 14] In the fonnatton of a resist pattern, protective films can be provided on the resist film in order to prevent the 
so influence of basic impurities and the like contained in the surrounding atmosphere. 

[01 15] The present invention will now be described in detail by way of exanr^les, whtoh should not be construed as 

limiting the present invention. 

[01 1 6] Methods of measuring the Mw and the Mn and evaluating the resists in Examples and Comparative Examples 
are described below. 

Mw and Mn 

[0117] The Mw and Mn were measured by gel pemieation chromatography (GPC) based on monodispersed poly- 
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styrene as a standard using a GPC column (manufactured by Tosoh Corp.: G2000HXL x 2, G3000HXL x 1 , G4000HXL 
X 1 ) under the following conditions (flow rate: 1 .0 ml/min., eluent: tetrahydrof uran, column temperature: 40*C). 

Sensitrvity 

[0118] Sensitivity of the resist was evaluated at an optimum light exposure at which a line and space pattern (1 L1S) 
having a line width of 0.25 ^m can be fonned in a ratio one to one. 

Resolution 

[0119] Resolution of the resist was evaluated by a minhium dimension (jim) of the resist pattern resolved at an 
optimum light exposure . 

Pattem profile 

[01 20] In a 1 LI S of a line width of 0.25 ^m, when the cross section of the pattern is almost rectangle and the swing 
curve effect is scarcely observed, the pattern profile of the resist was rated as good. 

Heat resistance 

[0121] The substrate on which a square pattern of 20 jun x 20 jim was fomied was heated after development and 
dried. Heat resistance was evaluated by an maximum temperature f»C) at which the pattern profile was maintained 

while heating. 

[01 22] Other features of the invention will become apparent in the course of the following description of the exemplary 
embodiments which are given for illustration of the invention and are not intended to be llmiUng thereof. 

EXAMPLES 

Synthesis of copolymer (A) 
Synthesis Example 1 

[0123] Propylene glycol monomethyl ether acetate (78 g) was added to a solution of t-butyl acrylale (23 g), 2,5-dlme- 
thyi-2,5-hexanediol diacrylate (4 g), p-isopropenylphenol (27 g), and tricyclodecanyl aciylate (11 g) to prepare a ho- 
mogeneous solution . Nitrogen gas was bubbled into this solution for 30 minutes. After the addition of 2.2'-azoblslsobu- 
tyronitrile (3 g) and t-dodecylmercaptan (2 g), the solution was polymerized for 24 hours at 70*0 while continuing 
bubbling nitrogen gas. After polymerization, the solution was mixed with a large quantity of hexane to coagulate the 
resulting copolymer. The copolymer was then dissolved In dioxane, followed by coagulation in hexane. This dissolution- 
coagulation operation was repeated several times to remove unreacted monomers. The resultant product was dried 
for 24 hours at SO^'C under reduced pressure to obtain a white copolymer. 

[01 24] The Mw of the resulting copolymer was 1 01 ,000 and the Mw/Mn was 4.7. From the results of NM R measure- 
ments (130NMR and ^H-NMR). the proportion (weight ratio) of monomers was confimied to be t-butyl acrylate: 
2.5-dlmethyl-2,5-hexanedlol diacrylate:p-isopropenylphenol:tricydodecanyl acrylate = 35:6:42:17. This copolymer is 
refen-ed to as the copolymer (A-1). 

Synthesis Example 2 

[0125] A white copolymer was obtained in the same manner as in Synthesis Example 1, except for using t-butyl 
acrylate (19 g), 2,5-dimethyl-2,5-hexanediol diacrylate (2 g), p-isopropenyl phenol (19 g), and Isobomyl acrylate (10 
g) as monomers. 

[01 26] The Mw of the resulting copolymer was 63,000 and the Mw/Mn was 3.8. From the results of NMR measure- 
ments (13C-NMR and^H-NMR). the proportion (weight ratio) of monomers was confimned to be t-butyl acrylate: 
2,5-dimethyl-2,5-hexanediol diacrylate:p-iso-propenylphenol:isobornyl acrylate = 3B:4:38:20.This copolymer is re- 
fenred to as the copolymer (A-2). 

Synthesis Example 3 

[01 27] Dioxane (200 g) was added to a solution of t-butyl acrylate (1 0 g), 2,5-dimethyl-2,5-hexanedlol diacrylate (2g). 
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styrene (5 g), p-acetoxystyrene (46 g), and t-dodecyl mercaptan (1 g) to prepare a homogeneous solution. Nitrogen 
gas was bubbled into this solution for 30 minutes. After the addition of 2,2'<azobisisofoutyron(tr1le (2 g), the solution was 
polymerized for 7 hours at 70'>C while continuing bubbling nitrogen gas. After polymerization, the solution was mixed 
with a large quantity of hexane to coagulate the resulting copolymer. The copolymer was then dissolved in dloxane. 
5 followed by coagulation in hexane. This dissolution -coagulation operation was repeated several times to remove un- 
reacted monomers. The resultant product was dried for 24 hours at 50^C under reduced pressure to obtain a white 
copolymer. 

[01 28] This copolymer (24 g) was then mixed with methanol (240 g), triethylamine (1 5 g). and water (5 g). The solution 
was subjected to a hydrolysis reaction for B hours under refluxing while heating. The reactant solution was dropped 
10 Into an aqueous solution of oxalic acid (1 wt%) to coagulate the copolymer. After rinsing with water, the resultant product 
was dried for 24 hours at SCfC under reduced pressure to obtain a white copolymer. 

[0129] The Mw of the resulting copolymer was 45,000 and the Mw/Mn was 4.2. From the results of NMR measure- 
ments (i^C-NMR and ^H-NMR), the proportion (weight ratio) of monomers was confimied to be t-butyl acrylate: 
2,5>dimethyl-2,5-hexanediol diacrylate:styrene:p-hydroxystyrene = 21:4:10:65. This copolymer is refened to as the 
15 copolymer (A-3). 

Synthesis Example 4 

[0130] Propylene glycol monomethyl ether (265 g) was added to a solution of p-t-butoxystyri&ne (30 g), 2,5-dlmethyl- 
^ 2,5-hexanediol diacrylate (4 g), and p-acetoxystyrene (95 g) to prepare a homogeneous solution. Nitrogen gas was 
bubbled into this solution for 30 minutes. After the addition of 2.2'-azobisisobutyronitrile (9 g) and t-dodecyimercaptan 
(6 g), the solution was polymerized for 24 hours at 70'*C while continuing bubbling nitrogen gas. After polymerization, 
the solution was mixed with a large quantity of hexane to coagulate the resulting copolymer. The copolymer was then 
dissolved in acetone, followed by coagulation in hexane. This dissolution-coagulation reaction was repeated several 
2S times to remove unreacted monomers. The resultant product was dried for 24 hours at 50**C under reduced pressure 
to obtain a white copolymer 

[0131] This copolymer (50 g) was then mixed with methanol (500 g), triethylamine (20 g), and water (10 g). The 
solution was subjected to a hydrolysis reaction for 8 hours under refluxing while heating. The reactant solution was 
dropped Into an aqueous solution of oxalic acid (1 wt%) to coagulate the copolymer. After rinsing with water, the resultant 
30 product was dried for 24 hours at 50*C under reduced pressure to obtain a white copolymer 

[01 32] The Mw of the resulting copolymer was 38,000 and the Mw/Mn was 2.9. From the results of NMR measure- 
ments (13C-NMR and 1H-NMR), the proportion (weight ratio) of monomers was confimied to be p-t-butoxystyrene: 
2,5-dimethyl-2 ,5-hexanediol diacrylate:p-hydroxystyrene =^ 3 1 :4:65. This copolymer is referred to as the copolymer (A- 
4). 

35 

Synthesis Example 5 ^ 

[01 33] Propylene glycol monomethyl ether (1 00 g) was added to a solution of 2,5-dimethyl-2,5*h6xanediol diacrylate ^ ^ ' 

(3 g) and p-acetoxystyrene (97 g) to prepare a homogeneous solution. Nitrogen gas was bubbled into this solution for 

40 30 minutes. After the addition of 2,2'-azobisisobutyronitrile (6 g) and t-dodecytmercaptan (4 g), the solution was po- 
lymerized for 24 hours at 70'C while continuing bubbling nitrogen gas. After polymerization, the reaction solution was 
mixed with a large quantity of hexane to coagulate the resulting copolymer. The copolymer was then dissolved in 
acetone, followed by coagulation In hexane. This operation was repeated several times to remove unreacted mono- 
mers. The resultant product was dried for 24 hours at 50°C under reduced pressure to obtain a white copolymer 

<s [0134] This copolymer (60 g) was then mixed with methanol (500 g), triethylamine (20 g), and water (10 g). The 
solution was subjected to a hydrolysis reaction for 8 hours under refluxing while heating. The reactant solution was 
dropped Into an aqueous solution of oxalic acid (1 wt%) to coagulate the copolymer. After rinsing with water, the resultant 
product was dried for 24 hours at SO^'C under reduced pressure to obtain a white copolymer. After this copolymer (24 
g) was dissolved in dloxane (1 00 g), nitrogen gas was bubbled into the solution for 30 minutes. This solution was 

so subjected to acetalization for 12 hours with the addition of ethyt vinyl ether (4.5 g) and pyridinium p-toluenesulfonate 
(0.4 g) as a catalyst. The reactant solution was then added dropwise to 1 wt% aqueous ammonia solution to coagulate 
the reactant. After rinsing with water, the resultant product was dried for 24 hours at 50*'C under reduced pressure to 
obtain a white copolymer 

[0135] The Mw of the resulting copolymer was 52,000 and the Mw/Mn was 3,4. From the results of NMR measure- 
S5 ments (13C-NMR and 1 H-NMR). the proportion (weight ratio) of monomers was confirmed to be 2,5-dimethyl-2,5-hex- 
anedlol diacrylate:p-hydroxystyrene:p-(1 -ethoxyethoxy)styrene = 4:66:30. This copolymer is referred to as the copol- 
ymer (A-5). 
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Synthesis Example 6 

[01 36] Propylene glycol monomethyl ether (1 00 g) was added to a solution of 2,5-dlmethyl-2,5-hexanedlol diacrylate 
(5 g) and p-acetoxystyrene (95 g) to prepare a homogeneous solution. Nitrogen gas was bubbled into this solution for 
30 minutes. After the addition of 2,2'-azobisisobutyronitrile (6 g) and t-dodecylmercaplan (4 g), the solution was po- 
lymerized for 24 hours at 70°C while continuing bubbling nitrogen gas. After polymerization, the reactant solution was 
mixed with a large quantity of hexane to coagulate the copolymer. The copolymer was then dissolved in acetone, 
followed by coagulation in hexane. This dissolution-coagulation operation was repeated several times to remove un- 
reacted monomers. The resultant product was dried for 24 hours at 50'C under reduced pressure to obtain a white 
copolymer. 

[013^ This copolymer (60 g) was then mixed with methanol (500 g), triethylamine (20 g), and water (10 g). The 
solution was subjected to a hydrolysis reaction for 8 hours under refluxing while heating. The reactant solution was 
dropped into an aqueous solution of oxalic acid (1 wt%) to coagulate the copolymer After rinsing with water, the resultant 
product was dried for 24 hours at 50X under reduced pressure to obtain a white copolymer. This copolymer (24 g) 
was then dissolved in dioxane (1 00 g). followed by nitrogen gas bubbling for 30 minutes. After the addition of triethyl- 
amine (5 g), di-t-butyl dicarbonate (10 g) was then added at 45*>C while stirring, followed by a reaction for 8 hours. The 
reactant solution was dropped into an aqueous solution of oxalic add (1 wt%) to coagulate the copolymer. After rinsing 
with water, the resultant product was dried for 24 hours at 50°C under reduced pressure to obtain a white copolymer 
[0138] The Mw of the resulting copolymer was 73,000 and the Mw/Mn was 4.3. From the results of NMR measure- 
ments (1 3C-NMR and 1 H-NMR), the proportion (weight ratio) of monomers was conflnned to be 2,5-dimethyl-2,5-hex- 
anediol dlaciylate:p-hydroxystyrene:p-t-buloxycarbonyloxyslyrene = 6:69:25. This copolymer is referred to as the co- 
polymer (A-6). 

Synthesis Example 7 

[0139] A white copolymer was obtained in the same manner as in Synthesis Example 1, except for using t-butyl 
acrylate (23 g), a monomer of the following formula (8) having a carbonate group (2) (hereinafter called "monomer 
(8)") (4 g). p-isopropenylphenol (27 g), and tricyclodecanyl acrylate (11 g) as monomers. 

CH=*CH2 CHg CH3 CH2=CH 

C-0-CH2CH2-0-C-0~C-CH2CH2-C-0-C-0-CH2CH2-0-C (8) 

0 0 CHg CH3 O 6 



[0140] The Mw of the resulting copolymer was 85,000 and the Mw/Mn was 4.5. From the results of NMR measure- 
ments (13C-NMR and 1 H-NMR), the proportion (weight ratio) of monomers was t-butyl acrylate:monomer (8):p-iso- 
propenyl phenohtricyclodecanyl acrylate = 35:6:42:1 7. This copolymer is refen-ed to as the copolymer (A-7). 

Comparative Synthesis Example 1 

[01 41 J Dioxane (200 g) was added to a solution of t-butyl acrylate ( 1 0 g), styrene {5 g), p-acetoxystyrene (50 g), and 
t-dodecyl mercaptan (0.4 g) to prepare a homogeneous solution. Nitrogen gas was bubbled Into this solution for 30 
minutes. After the addition of 2,2'-azobislsobutyronitrile (2 g), the solution was polymerized for 7 hours at 70*C while 
continuing bubbling nitrogen gas. After polymerization, the solution was mixed with a large quantity of hexane to co- 
agulate the copolymer. The copolymer was then dissolved in dioxane, followed by coagulation in hexane. This disso- 
lution-coagulation operation was repeated several times to remove unreacted monomers. The resultant product was 
dried for 24 hours at 50*C under reduced pressure to obtain a white copolymer. 

[01 42] This copolymer (24 g) was then mixed with methanol (240 g). triethylamine (1 5 g), and water (5 g). The solution 
was subjected to a hydrolysis reaction for 8 hours under refluxing while heating. The reactant solution was dropped 
into an aqueous solution of oxalic acid (1 wt%) to coagulate the copolymer. After rinsing with water, the resultant product 
was dried for 24 hours at 50*^0 under reduced pressure to obtain a white copolymer. 

[0143] The Mw of the resulting copolymer was 12.000 and the Mw/Mn was 1 .6. From the results of NMR measure- 
ments (1 ^-NM R and 1 H-NMR), the proportion (weight ratio) of monomers was confinned to be t-butyl acrylate:slyrene: 
p-hydroxystyrene = 21 :1 0:69. This copolymer is ref en-ed to as the copolymer (a-1 ). 
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Examples 1 -6 and Comparative Example 1 

[0144] According to the fomnulatlons (parts by weight) of Table 1 . components were mixed to prepare a homogeneous 
solution. The solution was then filtered through a membrane filter (pore diameter: 0.2 jim) to prepare a composition 
s solution. 

[0145] After coating a silicone wafer with each composition solution by spin coating, pre-bake (PB) was perfomied 
for 90 seconds at a temperature as shown in Table 2 to fom the resist film (film thiclcness: 0.7 ^m). 
[0146] After exposure using a KrF excimer laser stepper (manufactured by Nikon: stepper NSR-2005 EX8A), post* 
bake (PEB) was pert onrted for 60 seconds at a temperature as shown in Table 2. After the alkali development in an 
10 aqueous solution of tetramethytammonium hydroxide (2.38 wt%) by using a puddle method for 1 minute at 23°C. the 
resist film was rinsed with purified water, followed by drying to form a resist pattern. 
[0147] The evaiuation results of the resists are shown in Table 2. 
[0148] Components used other than the copolymers in Table 1 are as follows. 

IS Acki generator 

[0149] 

B-1: Triphenylsulfonlum nonafluorobutane sulfonate > * . - 

so B-2: Bis(cyclohexytsulfonyl)dlazomethane 

B-3: Bis(4-t-butylphenyl)lodonlum camphorsutfonate 

Acid diffusion controller 

[0150] 

C-1 : Tri-n-octylamine 

0-2: n-Dodecyldimethylamlne 

30 Solvent 

[0151] 

D-1: Ethyllactate 
35 0-2: Propylene glycol monomethyl ether acetate 
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[0152] The radiation-sensitive resin composition of the present invention exhibits excellent sensitivity and resolution, 
little effect from the swing curves, excellent pattern profile, and superior heat resistance, and Is sensitive to ultraviolet 
rays, far ultraviolet rays, X-rays, and various types of radiation such as charged particle rays. Accordingly, the radiation- 
sensitive resin composition can be suitably used as a chemically amplified posith/e tone resist used in the manufacture 
of integrated circuit devices, which will be more and more miniaturized. 

[0153] Obviously, numerous modifications and variations of the present invention are possible in light of the above 
teachings. It is therefore to be understood that, within the scope of the appended claims, the invention may be practiced 
otherwise than as specifically described herein. ' 

Claims 

1. A radiation-sensitive resin composition comprising: 

(A) a copolymer which comprises (a) a repeating u nit (I) fomied by cleavage of a carbon-cart>on double bond 
of a monomer having one polymerizable carbon-carbon double bond and (b) a repeating unit (II) formed by 
cleavage of a carbon-carbon double bond of a monomer having two or more polymerizable carbon-carbon 
double bonds and at least one divalent group decomposable by an acid of the following formulas (1 ) or (2). 

20 



-C-O-C- (1) 



30 



R3 
I 

-0-C-O-C- 

y I . 



(2) 



wherein R^, R^, r3 and R^ are an allcyl group having 1-5 carbon atoms or an aryl group having 6-14 
carbon atoms Individually, said monomer having a structure in which each carbon-carbon double bond com- 
bines via said divalent group, and 
^0 (B) a photoacid generator, 

wherein said repeating unit (1) comprises a repeating unit (1-1) which provides alkali-solubility for the copol- 
ymer (A), and has a phenolic hydroxy! group in the unit. 

45 2. The radiation-sensitive resin composition according to claim 1, wherein the repeating unit (II) is derived from a 
monomer having at least one divalent ester group of the formula (1) or a monomer having one divalent carbonate 
group of the formula (2). 



3. The radiation-sensitive resin composition according to claim 2, wherein the monomer having at least one divalent 
ester group of the formula (1 ) comprises a monomer produced from a polyhydric alcohol having at least one tertiary 
hydroxyl group and a monovalent carboxytic acid having one polymerizable cariton-carbon double bond. 

4. The radiation-sensitive resin composition according to claim 2, wherein the monomer having one divalent carbon- 
ate group of the fomnula (2) comprises a compound produced by converting a polyhydric alcohol having at least 
one tertiary hydroxyl group into a poly(chloroformate), then reacting the poty(chloroforrhate) with a monohydric 
alcohol having one polymerizable carbon-carbon double bond. 

5. The radiation-sensitive resin composition according to claim 3 or claim 4, wherein said polyhydric alcohol having 
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at least one tertiary hydroxyl group is selected from the group consisting of the compounds of the following general 
fomnulas (3) to (5): 



(hO-C-^r5 (3) 



wherein Rs are the same groups as R1 , R2, R3 and R* defined for the formulas (1 ) and (2). provided thai a plural 
R may be the same or different. RS is an organic group with a valence of i, provided that RS is a single bond when 
i = 2, and i is an integer from 2-4; 



Wherein Rs are the same groups as Ri . R2 R3 and R4 defined for the f onnulas (1 ) and (2), provided that a plural 
R may be the same or different. RS Is an alkyi group having 1-5 carbon atoms, provided that a plural RS may be 
the same or different, j is an Integer of 2-4, and m is an integer from 0-4. provided that j and m satisfy the relation 
ofj + m ^ 6; and 



/z 



(5) 



wherein Rs are the same groups as R^ R2, r3, and R* defined for the fonnuias (1 ) and (2), provided that a plural 
R may be the same or different. R^ is an alkyI group having 1 -5 carbon atoms, provided that a plural P7 may be 
the same or different, R8 Is an organic group with a valence of z, -0-, -S-, -CO-, or -SOg-, k is an Integer from 1 -2, 
n Is an Integer from 0-3, and z is an integer from 2-4. 

6. The radiation-sensitive resin composition according to claim 3, wherein sard monovalent carboxyllc add having 
one polymerizable carbon-carbon double bond Is selected from the group consisting of (meth) acrylic acid, crotonk: 
acid, cinnamic acid, maleic acid, fumaric acid, itaconto acid, 2-(meth)acryloyloxyethylcarboxylk: add, and 4-(meth) 
acryloyloxycyclohexyicarboxyllcadd. 

7, The radiation-sensitive resin composition according to claim 4, wherein said monohydric alcohol having one po- 
lymerizable carbon-carbon double bond is selected from the group consisting of o-hydroxystyrene, m-hydroxysty- 
rene, p-hydroxystyrene. o-isopropenyl phenol, m-isopropenyl phenol, and p-isopropenyl phenol, 2-hydroxyethyl 
(meth)acfylate, 2-hydroxypropyl (meth)acrylate, 3-hydroxypropyl (meth)acrylate. 2-hydroxybutyl (meth)acrylate. 
3-hydroxybutyl (meth)acryiate, and 4-hydroxybutyl (methjaciylate. 

8, The radiation-sensitive resin composition according to claim 1, wherein the content of the repeating unit (I) and 
the content of the repeating unit (11) in the copolymer (A) is respectively 60-99 wt% and 1-40 wt%. 

9. The radiation-sensitive resin composition according to claim 1, wherein the copolymer (A) has a polystyrene- 
reduced weight average molecular weight of 10,000-500,000. 
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worin R^ R2 r3 und jeweils eine Alkylgruppe mit 1-5 Kohlenstoffatomen oder eine Arylgruppe mit 6-14 
Kohlenstoffatomen sind. wobei das Monomer eine Struktur aufweist. in wetcher jede Kohlenstoff-Kohlenstoff- 
Doppelblndung Qber die zwelwertige Gruppe kombiniert ist, und 
(B) einen Photosdureerzeuger, 

wobei die Wiederholungseinheit (I) eine Wiederholungseinhett (1-1) umfasst, welche dem Copotynoer Alka- 
Itldsltelikeit verieiht, und eine phenolische Hydroxylgruppe in der Einheit besitzt. 

Die strahlungsempfindliche Harzzusammensetzung gema3 Anspmch 1 , wobei die Wiederholungseinheit (il) steh 
von einem Monomer mit wenigstens einerzweiwertigen Estergruppeder Fomiel (1) odereinem Monomer mit einer 
zweiwertigen Carbonatgruppe der Fomr^et (2) ableltet. 



Dieetrahtungsempfindliche l-larzzusammensetzung gemdB Anspruch 2, wobei das Monomer mit wenigstens eIner 
zweiwertigen Estergnjppe der Formel (1) eln Monomer umfasst, das aus einem mehnwertigen Alkohol mit wenig- 
stens einer tertiSren Hydroxylgruppe und eIner einwertigen CarbonsSure mit einer poiymerisierbaren Kohlenstoff- 
Kohlenstoff-Doppelbindung erzeugt worden ist. 

Die 8trahlungsempfindlk;he IHarzzusammensetzung gemaB Anspmch 2, wobei das Monomer mit einer zweiwer- 
tigen Cart)onatgruppe der Fomiel (2) eine Verbindung umfasst, die durch Umwandiung eines nrtehnvertigen Alko- 
hots mit wenigstens einer tertiflren Hydroxylgruppe in ein Poly(chlorofomriiat). dann durch Reaktion des Poly(chio- 
rofomiiats) mit einem einwertigen Atkohol mit einer poiymerisierbaren Kohienstoff-Kohlenstoff-Doppelbindung er- 
zeugt worden ist 



Die strahlungsempfindliche Harzzusammensetzung gema3 Anspruch 3 Oder Anspruch 4, wobei das mehnwertige 
Alkoho mit wenigstens einer tertidren Hydroxylgruppe aus der Gruppe ausgewdhit ist, bestehend aus Verbindun- 
gen derfolgenden ailgemeinen Formein (3) bis (5): 



R 

(ho-c 

R 



(3) 



worin die R's die gletehen Gruppen sind wie die fur die Fomieln (1) und (2) definierten R^, R2, r3 und R^, 
vorausgesetzt dass mehrere R das Gleiche Oder unterschiedlich sein kdnnen, R^ eine organische Gruppe mit 
einer Wertigkeit i ist, vorausgesetzt, dass R^ eine Einfachbindung Ist, wenn i = 2, und i eine ganze Zahl von 2 bis 
4 ist; 



(4) 



worin die R's die gleichen Gruppen sind wie die fur die Fomnein (1) und (2) definierten R\ R2 R3 und R^ 
vorausgesetzt dass mehrere R das Gleiche oder unterschiedlich sein kdnnen, R^ eine Alkylgruppe mit 1-5 Koh- 
lenstoffatomen ist, vorausgesetzt, dass mehrere R^ das Gleiche oder unterschiedlich sein konnen, j eine ganze 
Zahl von 2-4 ist und m eine ganze Zahl von 0-4 ist. vorausgesetzt. dass j und m die Beziehung j + m ^ 6 erfullen; und 
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10. The radiation-sensitive resin composition according to claim 1 , wherein the copolymer (A) has a ratio of the poly- 
styrene-reduced weight average molecular weight and the polystyrene-reduced number average molecular weight 
In the range of 15 to 10.0. 

11. The radiation-sensitive resin composition according to claim 1 , wherein the monomer providing the repeating unit 
(M) is at least one selected from the group consisting of o-hydroxystyrene, m-hydroxystyrene. p-hydroxystyrene. 
o-feopropenyl phenol, m-isopropenyl phenol, and p-isopropenyl phenol. 

12. The radiation-sensitive resin composition according to claim 11, wherein the monomer Is at least one selected 
from the group consisting of m-hydroxystyrene, p-hydroxystyrene. m-lsopropenyl phenol, and p-isopropenyl phe- 
nol. 

13. The radiation-sensitive resin composition according to claim 1 . wherein the repeating unit (1) further comprises a 
repeating unit (1-2) which provides alkall^olubiltty for tfie copolymer (A) by decomposition with an acid. 

14. The radiation-sensitive resin composition according to claim 1 3, wherein the monomer providing the repeating unit 
(1-2) Is at least one which forms an acidic functional group selected from the group consisting of a carboxyl group 
and a phenolic hydroxy! group by decomposition with an acid. 

15. The radiation-sensitive resin composition according to claim 1 . wherein the repeating unit (I) further comprises a 
repeating unit (1-3) which suppresses allcali-solubility of the copolymer (A). 

16. The radiation-sensllh^e resin composition according to claim 15. wherein the monomer providing ttie repeating unit 

(1-3) is at least one selertedfromlhegroup consisting of aromatic vinyl compounds, hetero atom-containing alicycfc 
vinyl compounds, cyano group-containing vinyl compounds, and (meth)acrylamldes. 



Patentanspruehe 

1. Strahlungsempfindliche Harzzusammensetzung, umfassend: 

(A) ein Copolymer, umfassend (a) eine Wiederholungseinheit (I), ausgebildet durtsh Spaltung einer Kohlen- 
stoff-Kohlenstoff-Doppelbindung aus einem Monomer mit einer polymerisierbaren Kohlenstoff-Kohlenstoff- 
Doppelbindung, und (b) eine Wiederholungseinheit (11), ausgebildet durch Spaltung aus einer Kohlenstoff- 
Kohlenstoff-Doppelblndung aus einem Monomer mitzwel odermehreren polymerisierbaren Kohlenstoff-Koh- 
lenstoff-Doppelbindungen und wenigstens einer zweiwertigen, millels SSure abbaubaren Gnjppe der folgen- 
denFormeln(1)oder(2), 




0 

o 



0-C- 



(1) 



R2 



r3 



0-C 

n 

0 



r4 



(2) 
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worin die R's die gleichen Gruppen sind wie die tOr die Formein (1) und (2) definierten Ri, r3 und R^. 
vorausgesetzt dass mehrere R das Glelche oder unterschiedlich sein konnen, R7 eine Allcylgruppe mil 1-5 Koh- 
lenstoffatomen ist, vorausgesetzt. dass mehrere R"^ das Gletche Oder unterschiedlich sein konnen, R^ eine orga- 
nische Gruppe mit einer Wertigkeit z. -COoder -SOg- ist, k eine ganze Zahl von 1 -2 ist. n eine ganze Zahl 

von 0-3 ist und z eine ganze Zahl von 2-4 ist. 

6. Die strahlungsempfindllche Harzzusammensetzung gemSB Anspruch 3, wobel die einwertige Carbonsaure mit 
einer polymerisierbaren Kohlenstoff-Kohlenstoff-Doppelbindung aus der Gruppe ausgewShlt Ist, bestehend aus 
(Meth)acrylsdure, Crotonsaure, Zimtsaure, Maleinsaure, Fumarsdure. Itaconsaure, 2*(IMeth]acry[oyloxyethylcar- 
bonsdure und 4-(Meth}acryloyloxycyclohexylcarbonsaure. 

7. Die strahlungsempfindlk^he Harzzusammensetzung gemdB Anspruch 4. wobel der einwertige Alkohol mit einer 
polymerisierbaren Kohlenstoff-Kohtenstoff-Doppelbindung aus der Gruppe ausgewahit ist, bestehend aus o-Hy- 
droxystyrol, m-Hydroxystyrol, p-Hydroxystyrol, o-lsopropenylphenol, m-lsopropenyphenol und p-lsopropenytphe- 
nol, 2-Hydroxyethyl-(meth)acrylat. 2-Hydroxypropyl-(meth)-acryIat, 3-HydroxypropyI-(meth)acrylat,2-Hydroxybu- 
tyl-(meth)acrylat, 3-Hydroxybutyl-(meth)acrylat und 4-Hydroxybutyl-{meth)acrylat. 

8. Die strahlungsempfindiiche Harzzusammensetzung gemaB Anspruch 1 , wobel der Gehalt der WIederholungsein- 
heit (I) und der Gehait der Wiederiiolungseinheit (II) in dem Copolymer (A) bei 60-99 Gew.-% bzw. 1-40 Gew.-% 

liegt. 

9. Die strahlungsempfindiiche l-iarzzusammensetzung gema3 Anspruch 1 , wobei das Copolymer (A) ein polystyrol- 
reduziertes gewtehtsgemitteltes IMolekulargewicht von 1 0.000 bis 500.000 besitzt. 

10. Die strahlungsempfindiiche Harzzusammensetzung gemSB Anspruch 1, wobel das Copolymer (A) ein VerhSltnls 
des polystyrolreduzierten gewichtsgemittelten Molekulargewjchts und des polystyroireduzierten zahlengemittetten 
Molekulargewichts im Bereich von 1 ,5 bis 1 0,0 aufweist. 

11. Die strahlungsempfindiiche Harzzusammensetzung gemdB Anspruch 1 , wobei das die Wiederholungseinheit (I- 

1) bereitstellende Monomer wenigstens eines ist, ausgewShlt aus der aus o-Hydroxystyrol. m-Hydroxystyrol, p- 
Hydroxystyrol, o-lsopropenylphenol, m-lsopropenyphenol und p-lsopropenylphenol bestehenden Gruppe. 

12. Die strahlungsempfindiiche Harzzusariimensetzung gemSB Anspruch 11 , wobei das l\/lonomer wenigstens eines 
Ist, das aus der Gruppe aus m-Hydroxystyrol, p-Hydroxystyrol, m-lsopropenylphenol und p-lsopropenylphenol 

bestehenden ausgewShlt ist. 

13. Die strahlungsempfindiiche Harzzusammensetzung gemaB Anspruch 1 . wobei die Wiederholungseinheit (I) femer 
eine Wiederholungseinheit (1-2) umfasst, welche dem Copolymer (A) durch Zersetzung mitteis SSure Alkalildslich- 
keitverieiht. 

14. Die strahlungsempfindiiche Harzzusammensetzung gemSB Anspruch 13, wobei das die Wiederholungseinheit (I- 

2) bereitstellende Monomer wenigstens eines ist, welches eine sdurefunktionelle Gruppe durch Zersetzung mittets 
einer Saure ausbiidet, ausgewahit aus der aus einer Caibonsauregruppe und einer phenollschen Hydroxylgruppe 
bestehenden Gruppe. 

15. Die strahlungsempfindiiche Harzzusammensetzung gemaB Anspruch 1 , wobei die Wiederholungseinheit (I) femer 
eine Wiederholungseinheit (1-3) umfasst, wetehe die Alkalildslichkeit des Copolymers (A) unterdrOckt. 
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16. Die strahlungsempfindliche Harzzusammensetzung gemaB Anspruch 15, wobei das die Wiederholungseinhelt (I- 
3) bereltsteliende Monomer wenfgstens eines ist, ausgewahit aus der aus aromatischen Vinylverbindungen, he- 
teroatomhaltlgen allcycllschen Vinylverbindungen. cyanogruppenhaltigen Vinylverbindungen und (Meth) Acrylaini- 
den bestehenden Gruppe. 



Revendlcaftions 

1 . Connposition de rdsine sensible au rayonnement comprenant : 

(A) un copoiymfere qui comprend (a) un motif r6p6t§ (I) form6 par coupure d'une double liaison carbone- 
carbone d'un monomere ayant une double liaison carbone-carbone polymerlsable et (b) un motif r6p6t6 (II) 
form6 par coupure d'une double liaison carbone-carbone d'un monomere ayant deux ou plusieurs doubles 
liaisons carbone-carbone polym6risables et au moins un groupe divalent decomposable par un acide des 
fonnules (1) ou (2) sulvantes, 

-C~0-C- (I) 



R3 

I 

(2) 

O 



dans lesquelles Ri, R2, et 1^ sent un groupe aikyle ayant 1 & 5 atomes de carbone ou un groupe aryte 
ayant 6 a 14 atomes de carbone individuellement, ledit monom&re ayant une structure dans laquelle ctiaque 
double liaison carbone-carbone se combine par rinterm^iaire dudit groupe divalent, et 

(B) un photogdn^rateur d*aclde. 

dans laquelle ledIt motif r§pete (I) comprend un motif r^ete (1-1) qui foumit une solubility dans les bases pour ie 
copoiym§re (A), et a un groupe liydroxyle phSnolique dans Ie motif. 

2. Composition de r6sine sensible au rayonnement selon la revendication 1 , dans laquelle Ie motif r6p6t6 (II) est 
derive d'un monomere ayant au moins un groupe ester divalent de formule (1) ou un monomere ayant un groupe 
carbonate divalent de fonrtute (2). 

3. Composition de r6slne sensible au rayonnement selon la revendication 2, dans iaquelie Ie monomdre ayant au 
moins un groupe ester divalent de formule (1 ) comprend un monomfere produit h partir d'un poiyol ayant au moins 
un groupe hydroxyle tertiaire et d'un adde carboxyiique monovalent ayant une double liaison carbone-carbone 
polym^risable. 

4. Composition de rdsine sensible au rayonnement selon la revendication 2, dans laquelle Ie monomere ayant un 
groupe carbonate divalent defomiule (2) comprend un compos6 produit en convertlssant un polyol ayant au moins 
un groupe hydroxyle tertiaire en un poly(chlorofonnlate), puis en faisant r6agir ie poly(chlorDfonniate) avec un 
monoalcool ayant une double liaison carbone-carbone polym^risable. 

5. Composition de resine sensible au rayonnement selon la revendication 3 ou la revendication 4, dans iaquelie iedit 
polyol ayant au moins un groupe hydroxyle tertiaire est choisi dans Ie groupe constitu6 par les composfe des 
formules generales (3) k (5) sulvantes : 
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R * 



(3) 



dans laquelle les R sont les m§mes groupes que R\ R^. Rf^ et d^finis pour les fonmules (1) et (2), k condition 
que plusieurs R puissent §tre identiques ou diffdrents, R^ est un groupe organique avec une valence de I, it con- 
dition que solt une slniple liaison lorsque i « 2, et i est un entier de 2 & 4 ; 




dans laquelle les R sont les mdmes groupes que R^ R^, R^ et R^ ddfinis pour les fomnules (1) et (2), k condition 
que plusieurs R puissent §tre identiques ou diffdrents, R*^ est un groupe alkyle ayant 1^5 atomes de carbone. k 
condition que plusieurs R^ puissent dtre Identiques ou diff6rents, j est un entier de 2 & 4, et m est un entier de 0 
^ 4, ^ condition que J et n satisfassent h la relation j + m < 6 ; et 




dans laquelle les R sont les memes groupes que RV R2, R3 et R* definis pour les formules (1) et (2), k condition 
que plusieurs R puissent dtre Identiques ou differents, R^ est un groupe alkyle ayant 1 d 5 atomes de carfoone, k 
condition que plusieurs ^R^ puissent etre identiques ou diffdrents, R^ est un groupe organique avec une valence 
de z, -0-, -S', ' CO-, ou -SO2'. k est un entier de 1 d 2, n est un entier de 0 & 3 et z est un entier tie 2 k 4. 

Composition de resine sensible au rayon nement selon la revendication 3. dans laquelle tedit acide carboxyiique 
monovalent ayant une double liaison carbone-carbone polymSrisable est choisi dans le groupe consistent en I'aci- 
de (mdth)acryllque, I'acide crotonlque, i'eclde cinnamlque, I'acide maldique, t'ackJe fumarique, Facide rtaconlque, 
I'acide 2-(m6th)acryloyloxy6thyk:arboxylique, et I'acide 4-(meth)acryloyloxycyclohexylcarboxyllque. 

Composition de rdslne sensible au rayonnement selon la revendication 4» dans laquelle ledit monoalcool ayant 
une double liaison carbone-carbone polymdrisable est choisi dans le groupe constitu6 par I'o-hydroxystyrdne, le 
m-hydroxystyr6ne, le p-hydroxystyr6ne, ro-isoprop6nylph6nol, le m-isoprop6nylph6nol et le p-isopropenylph6nol, 
le (m6th)acrylate de 2-hydroxy6thyle, le (m6th)acrylate de 2-hydroxypropyle, le (m§th)acrylale de 3-hydroxypro- 
pyle, le (meth)acrylate de 2-hydroxybutyle, le (mSth)acrylate de d-hydroxybutyle et le (mdth)acrylate de 4-hydroxy- 
butyle. 

Composition de rdsine sensible au rayonnement selon la revendication 1 , dans laquelle la teneur en motif repete 
(I) et la teneur en motif r^p6X6 (II) dans le copolym&re (A) sont respectivement de 60 k 99 % en poids et de 1 d 
40 % en poids. 
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9. Composition de r^sine sensible au rayonnement selon la revendication 1 , dans laquelle te copolym5re (A) a una 
masse moleculaire moyenne en masse r6duite en polystyrene de 10 000 k 500 000, 

10. Composition de r^sine sensible au rayonnement selon la revendication 1, dans laquelle le copolym^re (A) a un 
rapport de la masse moleculaire moyenne en masse r^duite en polystyrene et de la masse moldculalre moyenne 
en nombre r6duite en polystyrene dans la gamme de 1 ,6 ^ 10,0. 

1 1 . Composition de resine sensible au rayonnement selon la revendication 1 , dans laquelle le monomere formant le 
motif r6p6t6 (1-1) est au molns un Element cholsl dans le groupe oonstitud par Po-hydroxystyrfene, le m-hydroxys- 
tyr&ne, le p-hydroxystyrene, I'o-isopropenytphenol, le m-isopropdnylphdnol et le p-i8oprop6nylph6nol. 

12. Composition de resine sensible au rayonnement selon la revendication 11, dans laquelle le monomere est au 
molns un 6l6ment choisi dans ie groupe constitue par le m-hydroxystyrene. te p-hydroxystyrene, te ni-lsoprop6- 
nylptidnol et le pHsopropdnytphdnol. 

13. Composition de resine sensible au rayonnement selon la revendication 1 , dans laquelle le motif r6p6t§ (I) comprend 
en outre un motif r6p6\6 (l>2) qui foumit une solubility dans les bases pour le copolym&re (A) par decomposition 
par un acide. 

14. Composition de resine sensible au rayonnement selon la revendication 13, dans laquelle le monomere formant le 
motif repete (1-2) est au molns un monomere qui forme un groupe fonclionnel acide choisi dans le groupe constitue 
par un groupe carboxyle et un groupe hydroxyle phenollque par decomposition par un acide. 

1 5. Composition de resine sensible au rayonnement selon la revendication 1 , dans laquelle le motif repete (I) comprend 
en outre un motif repete (1-3) qui supprime une solubilrte dans les bases du copolymere (A). 

16. Composition de resine sensible au rayonnement selon la revendication 15, dans laquelle le monomere formant le 
motif repete (1-3) est au moins un element choisi dans le groupe constitue par les composes vinylaromatiques. 
ies composes vinylalicycliques contenant un heteroatome, les composes vinyliques contenant un groupe cyano 
et les (meth)acrylamldes. 
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